Branched glycerol dialkyl glycerol tetraethers (brGDGTs) are useful molecular indicators 8 for organic carbon (OC) source and paleoenvironment. Their application in marine environments, 9 however, is complicated because of the mixed terrestrial and marine contributions to brGDGTs. 10
Study area and sampling 88
The Mariana Trench is formed as the subduction of Pacific plate beneath the eastern edge of 89 the Philippine Sea plate. It has a total length of ca. 2500 km and a mean width of 70 km (Fryer, 90 1996) . The deepest point, the Challenger Deep, is located in southern rim of the Mariana Trench 91 and has the water depth of ca. 11000 m. Owing to high current speeds and variable current directions, 92 sediment erosion and/or resuspension at the sediment-water interface may frequently occur (Taira 93 et al., 2004; Turnewitsch et al., 2014) . The Mariana Trench is remote from the landmass and located 94 in the extremely oligotrophic Pacific Gyre with annual primary production rate of ca. 59 g C m -2 y -95 sediment of the Challenger Deep was found exhibiting intensive, microbially-mediated 97 biogeochemical recycling processes relative to that of adjacent abyssal plains (Glud et al., 2013) . 98
Such character has been attributed to unique "V"-shaped geometry, intense seismic activity and 99 high-frequency fluid dynamics within the trench that promotes lateral transport of sediments from 100 surrounding shallow regions and accumulation of sedimentary organic matter in trench bottom 101 (Jamieson, 2015; Xu et al., 2018) . 102 Germany). All isotopic data were reported in δ notation relative to VPDB. The intra-lab standards 146 for normalizing stable carbon isotopic composition (δ 13 C) was USG24 (Graphite, -16.05‰), which 147 was obtained from the International Atomic Energy Agency (IAEA, Vienna, Austria). The average 148 standard deviation of each measurement, determined by replicate analyses of two samples, was 149 ±0.004 wt% for organic carbon (OC) content, ±0.031 wt% for total nitrogen (TN) content and ±0.03‰ 150 for δ 13 C. 151 152
Literature data compilation 153
The dataset in this study is composed of relative abundance of brGDGTs from 2031 samples, 154
including 634 soil samples, 473 peat samples, 88 river samples, 410 lake samples and 426 marine 155 samples (Fig. 1) . The detailed information about these samples was listed in supplementary material. 156
The soil samples are from globally distributed soils (De Jonge et al., 2014a; Ding et al., 2015; Xiao 157 et al., 2015; Yang et al., 2015; Lei et al., 2016; Wang et al., 2016; Li et al., 2018; Wang et al., 2018; 158 Zang et al., 2018; Wang et al., 2019) . The peat samples are from 96 different peatlands around the 159 world (Naafs et al., 2017) . The river samples are from Danube River (Freymond et al., 2016) , 160
Yenisei River (De Jonge et al., 2015) and Tagus River (Warden et al., 2016) . The lake samples are 161 from East African lakes (Russell et al., 2018) , Chinese lakes (Dang et al., 2016; Li et al., 2017; Dang 162 et al., 2018) , Lake St Front (Martin et al., 2019) , Lake Lugano and other lakes in the European Alps 163 (Weber et al., 2018) . The marine samples are from Atlantic Ocean (Warden et al., 2016) this study. The criteria for citing the literature data is that both 5-and 6-methyl brGDGTs should be 167 separated and quantified. It is noted that two studies (Weber et al., 2018; Martin et al., 2019) have 168 analyzed 5-, 6-and 7-methyl brGDGTs. But due to very limited reports for 7-methyl brGDGTs, 169 these compounds are not included in this study. 170 171
Statistical analysis 172
The SPSS package 22 (IBM, USA) was used for statistical analyses including Pearson 173 correlation coefficient (r) and one-way Analysis of Variance (ANOVA). The significance level was 174 https://doi.org/10.5194/bg-2019-391 Preprint. 
Concentration and composition of GDGTs in the Mariana Trench 187
The concentration of iGDGTs and brGDGTs are summarized in Table 2 . The summed 188 concentration of total GDGTs in sediments of the Mariana Trench varies from 574 to 1162 ng g -1 189 dry weight sediment (dws) (873±166 ng g -1 dws), corresponding to 308±56 μg g -1 OC. The 190 crenarchaeol is the dominant GDGTs at the concentration of 353 to 667 ng g -1 dws (533±99 ng g -1 191 dws), corresponding to 188±33 μg g -1 OC. The concentration of brGDGTs ranges from 11 to 18 ng 192 g -1 dws (15±3 ng g -1 dws), corresponding to 5±1 μg g -1 OC and much lower than the concentration 193 of iGDGTs. As a result, the BIT index is low in all samples with an average value of 0.03±0. 01. 194 Our improved chromatography has achieved a full separation of 5-and 6-methyl brGDGTs. 195 Interestingly, only a single peak was detected on the mass chromatogram of acyclic penta-(m/z 196 1036) and hexamethylated (m/z 1050) brGDGTs ( Fig. 3 ). This feature is distinct difference from 197 previous studies that have identified two or more peaks (5-methyl, 6-methyl and even 7-methyl 198 isomers) (e.g., De Jonge et al., 2013; Xiao et al., 2015; Ding et al., 2016) . In order to determine the 199 structure of brGDGTs in the Mariana Trench sediments, we take advantage of an acidic soil sample 200 from China (Soil-1). This sample was identified to contain both 5-methyl brGDGTs (major) and 6-201 methyl brGDGTs (minor) (Xiao et al., 2015) , and have the IIIa/IIIa' and IIa/IIa' ratios of 12.5 and 202 8.2, respectively ( Fig. 3a, b ). After combining Soil-1 (soil) and MT-4 (Mariana Trench), two peaks 203 https://doi.org/10.5194/bg-2019-391 Preprint. Discussion started: 11 October 2019 c Author(s) 2019. CC BY 4.0 License.
were detected for m/z 1050 (hexamethylated brGDGTs) as well as m/z 1036 (pentamethylated 204 brGDGTs) ( Fig. 3e, f ). The comparison of retention time among Soil-1, MT-4 and the combined 205 sample of Soil-1 and MT-4 shows that the peaks of m/z 1050 and 1036 in the MT-1 are 206 pentamethylated 6-methyl brGDGTs (IIa') and hexamethylated 6-methyl brGDGTs (IIIa'), 207 respectively, eluting after 5-methyl brGDGTs from Soil-1 ( Fig. 3 ). This assignment was 208 corroborated by the reduced 5-emthyl/6-methyl brGDGT ratio of the combined sample that is 1.4 209 for m/z 1050 and 7.4 for m/z 1036 ( Fig. 3e, f) . 210
Throughout the sediment core, the brGDGTs are constantly dominated by 6-methyl isomers 211 (82.25-86.91%). The fractional abundance of 5-methyl brGDGTs, however, was too low to be 212 quantified. For individual compounds, brGDGT-IIIa' is the most abundant (73.40±2.39% of total 213 studies, however, did not separate the 5-and 6-methyl brGDGTs, and thus are unable to reveal any 226 information about source and environmental implication of 5-and 6-methyl brGDGTs. In our study, 227 the strong predominance of 6-methyl brGDGTs and the absence of 5-methyl brGDGTs in the Marine 228
Trench sediments are a unique feature. In order to understand the mechanism to produce such unique 229 compositions of brGDGTs, source assessment of brGDGTs is needed. 230
The multiple lines of evidence from stable carbon isotope, OC/TN ratio and biomarkers 231 unanimously support an in-situ production of brGDGTs in the Mariana Trench. The δ 13 C and OC/TN 12.46±1.14%, 5-methyl brGDGTs ~0, brGDGT-IIIa' 73.40±2.39%), terrestrial samples are 249 characterized by significantly higher proportions of brGDGT-Ia (soil 37.52±25.91%, peat 250 59.40±21.19%, river 15.38±2.97%) and 5-methyl brGDGTs (soil 23.56±14.83%, peat 251 34.04±19.18%, river 33.25±8.51%), but lower proportions of brGDGT-IIIa' (soil 4.89±4.82%, peat 252 4.86±4.68%, river 11.68±4.40%) (p < 0.005) ( Fig. 5 ). These terrestrial samples are globally 253 distributed and many of them are from inner Asian continent, the major source area of dust in North 254
Pacific (Husar et al., 2001) . Thus, brGDGTs in the Mariana Trench sediments are unlikely derived 255 from air dusts. We note that brGDGTs in the Lake Lugano, a deep meromictic Swiss lake, is also 256 characterized by the strong predominance of brGDGT-IIIa' (up to 90%) ( brGDGT-IIIa' is higher during the Pliocene (8.06±1.92%) than the Pleistocene (5.16±0.83%), and 291 exhibits significant correlations with δ 13 C (R 2 = 0.68, p < 0.001) and the BIT index (R 2 = 0.46, p < 292 0.001) ( Fig. 8a, b, c) . These correlations support that the variation in OC source controls the 293 composition of brGDGTs. OC contribution in the shallow sediments (1-130 cm; < 10 ka) was revealed by heavier δ 13 C (up to 297 -23‰) and lower BIT index (close to 0) compared to deep sediments (Fig. 8e, f) . Coincide with this 298 change, the fractional abundance of GDGT-IIIa' appeared to be increasing from < 5% to 15% (Fig.  299   8d) . Similar to the North Sea Basin, the significant correlations of the fractional abundance of 300 brGDGT-IIIa' with the δ 13 C (R 2 = 0.34; p < 0.001) and the BIT index (R 2 = 0.50; p < 0.001) were 301 observed in the Kara Sea, again suggesting that marine organisms tend to produce more 302 hexamethylated 6-methyl brGDGTs. 303
Besides temporal variations in sediment cores, the fractional abundance of 6-methyl brGDGTs 304 also varied spatially in modern samples from land to sea. Warden et al. (2016) examined brGDGTs 305 along a transect from the Tagus River into the deep ocean off the Portuguese margin. From source 306 to sink in the Tagus River basin, the BIT index decreases from 0.9 to < 0.1, reflecting a substantial 307 increase in marine contribution to sedimentary OC pool (Fig. 8h) . Meanwhile, the proportion of 308 brGDGT-IIIa' increases from 11.07±2.62% to 29.31±6.45%, and brGDGT-IIIa' became the most 309 abundant compound in the Lower Setúbal Canyon sediments (Fig. 8g ). Sinninghe Damsté (2016) 310 reported brGDGT composition in surface sediments from the Berau River delta including two coast-311 shelf transects, and proposed #ringstetra index to discern sources of brGDGTs. The #ringstetra index 312 shows a marked increase from the river mouth (0.22) to the shelf break (0.83). By compiling the 313 data in Sinninghe Damsté (2016), we found that the proportion of brGDGT-IIIa' generally increases 314 seawards, presenting a similar distribution pattern as that of the δ 13 C and BIT index (Fig. 8i, j, k) . 315
These spatial variations confirm that that marine in-situ production of brGDGTs is characterized by 316 the high fractional abundance of hexamethylated 6-methyl isomer. 317
In sum, the studies for the Kara Sea , 2015) . This adaption mechanism may be 332 extrapolated to marine organisms. In the Mariana Trench, in-situ production yields brGDGTs with 333 the strong predominance of 6-methyl (84.57±1.53%) ( Table 2 ). The cyclopentane-containing 334 brGDGTs (Ib, Ic, IIb, IIb', IIc, IIc', IIIb, IIIb', IIIc, IIIc') comprise only 3.69±0.75% of total brGDGTs, 335 and the #ringstetra index is low (0.26±0.04). This seems contrast to a view that the fractional 336 abundance of cyclopentane-containing brGDGTs is positively correlated with pH (Sinninghe 337 Damsté, 2016). This discrepancy can be explained by two reasons. First, the isomerization of 338 brGDGTs, relative to the cyclization of brGDGTs, is a more effective way in response to changing 339 pH. Based on global soil dataset, the correlation between the Isomerization of Branched Tetraethers 340 index (IBT; Xiao et al., 2015) and pH is substantially higher (n = 610, R 2 = 0.80, p < 0.001, Fig. 7b ) 341 than that between the #ringstetra index and pH (n = 631, R 2 = 0.46, p < 0.001, Fig. 7d ) as well as that 342 between the cyclization index (CBT5me) (De Jonge et al., 2014a) and pH (n = 622, R 2 = 0.67, p < 343 0.001, Fig. 7c ). Meanwhile, the global soils with pH > 8 (n = 58) are characterized by higher 344 fractional abundance of 6-methyl brGDGTs (68.22±10.41%) than the cyclopentane-containing 345 brGDGTs (16.69±9.43%). The second explanation is that brGDGT producing microbes tend to 346 produce more hexamethylated brGDGTs at low temperature (Sinninghe Damsté, 2016), thus 347 reducing the relative proportion of cyclic tetramethylated and pentamethylated brGDGTs. Based on 348 https://doi.org/10.5194/bg-2019-391 Preprint. Discussion started: 11 October 2019 c Author(s) 2019. CC BY 4.0 License. the global dataset, if we take 100% of tetramethylated brGDGTs as a starting point, a decreasing 349 proportion of tetramethylated brGDGTs, most likely caused by decreasing temperature (Weijers et 350 al., 2007b) , is initially compensated by a roughly linear increase of pentamethylated brGDGTs (Fig.  351   9d) and, to less extent, by a slower increase of hexamethylated brGDGTs (Fig. 9b ). However, when 352 tetramethylated brGDGTs decreases to 20% of total brGDGTs, hexamethylated brGDGTs become 353 dominant, whereas pentamethylated brGDGTs reach a turning point and begin to rapidly decrease 354 ( Fig. 9b, d) . The ternary diagram, plotted with fractional abundance of tera-, penta-and hexa-355 methylated brGDGTs ( Fig. 9) , shows that the Mariana Trench sediments have distinct and high 356 fractional abundance of hexamethylated brGDGTs (73.53±2.56%). We thus propose that low 357 temperature and high pH of deep-sea environments are responsible for production of brGDGTs with 358 high degree of methylation and the predominance of 6-methyl brGDGTs, especially brGDGT-IIIa'. 359
Marine in-situ production of brGDGTs may take place in water column, or sediments, or both. 360
Sinninghe Damsté (2016) suggested in-situ production of brGDGTs is a widespread phenomenon 361 in shelf sediments that is especially pronounced at water depths of ca. 50-300 m. Based on an 362 extended dataset of brGDGTs in open sea sediments (water depth 63-5521 m), the reconstructed 363 pH ranges from 6.1 to 9.9 (Weijers et al., 2014) . This indicates that the brGDGTs was mainly 364 produced in benthic sediments where the pH of porewater is more variable than that of the water 365 column. However, the CBT'-derived pH in the Mariana Trench fell in a narrow range (8.22±0.07), 366 which are in line with the pH of the water column. Additionally, the brGDGTs-reconstructed 367 temperature using the MATmr index ranged from 9.6 to 10.7 °C (10.2±0.3 °C), which is close to the 368 water temperature at ca. 300 m, but much higher than the temperature of benthic sediments (1.2 °C) 369 (Takuro et al., 2015; Tian et al., 2018) . Given these facts, in-situ production of brGDGTs can occur 370 in both water column and benthic sediments, although the contribution weight of each sources may 371 be site-specific. 372 373
Deciphering brGDGT provenance in marine sediments 374
There are increasing concerns about the applicability of the brGDGT-based proxies in 375 continental margins which are characterized by intense land-sea interaction (De Jonge et al., 2016; 376 Sinninghe Damsté, 2016; Dearing Crampton-flood et al., 2018) . Determining the provenance of 377 https://doi.org/10.5194/bg-2019-391 Preprint. Discussion started: 11 October 2019 c Author(s) 2019. CC BY 4.0 License. brGDGTs is prerequisite for accurate application of brGDGTs-based proxies. Our study highlights 378 that in-situ produced brGDGTs tend to exhibit higher fractional abundance of brGDGT-IIIa' relative 379 to terrestrial brGDGTs in most soil and peat samples. However, the fractional abundance of of brGDGTs from soils, marine sediments with terrestrial influence and marine sediments without 384 terrestrial influence, respectively. However, the updated dataset shows some overlaps of the 385 (IIIa+IIIa')/(IIa+IIa') values between soils and marine sediments (Fig. 10) . In order to circumvent 386 this problem, we propose a new approach to evaluate the source of brGDGTs based on the slope of 387 the (IIIa+IIIa')/(IIa+IIa') ratio and fractional abundance of brGDGT-IIIa' (Fig. 10) . Specifically, the 388 slope of global soils (30.5±0.7) is substantially greater than that of marine sediments with terrestrial 389 influence (8.2±0.1), both of which are substantially greater than the slope of the Mariana Trench 390 sediments without terrestrial influence (2.3±0.3) (Fig. 10 ). The extremely low slope of Mariana 391
Trench sediments likely suggests that brGDGT are completely derived from in-situ production. 392
The systematic differences in the composition of brGDGTs between terrestrial and marine 393 production inevitably affect brGDGTs proxies. Since the CBT' index involves brGDGT-IIIa', the 394 marine in-situ production of brGDGTs with higher fractional abundance of brGDGT-IIIa' is very 395 likely to impact the CBT'-pH proxy. Although the brGDGT based temperature proxies, like 396
MBT'5me and MATmr, do not directly involve brGDGT-IIIa' (De Jonge et al., 2014a) , in-situ 397 production of hexamethylated 6-methyl brGDGT will cause changes in proportions of tetra-and 398 pentamethylated brGDGTs to different degrees (Fig. 9b, c) , and thereby influence brGDGTs based 399 temperature proxies. 400 401
Conclusions 402
This work represents the first study for 5-methyl and 6-methyl brGDGT in sediments from the 403 Mariana Trench, the deepest ocean realm, from which we have reached three conclusions. 404
1) The Mariana Trench sediments are characterized by the strong predominance of 6-methyl 405 brGDGTs (84.57±1.53% of total brGDGTs), especially brGDGT-IIIa' (73.40±2.39%), whereas 5-406 https://doi.org/10.5194/bg-2019-391 Preprint. Discussion started: 11 October 2019 c Author(s) 2019. CC BY 4.0 License. methyl brGDGTs are below detection limit. This unique feature has never been previously reported 407
and is attributed to a combined effect of the lack of terrestrial input, alkaline seawater and low 408 subsurface temperature in the Mariana Trench. 409
2) High (IIIa+IIIa')/(IIa+IIa') values (7.13±0.98), enriched δ 13 C signatures (-19.82±0.25%), 410 low OC/TN ratios (6.72±0.84) and low BIT index (0.03±0.01) strongly suggest an in-situ production 411 of brGDGTs. By compiling brGDGT dataset from 634 soil, 473 peat, 88 river, 410 lake and 426 412 marine samples, we recalibrate the correlation of soil pH with the CBT' index (R 2 = 0.84, p < 0.001). 413
The reconstructed CBT'-pH (8.22±0.07) is close to weak alkaline seawater, while the MBTmr 414 reconstructed temperature (10.2±0.3 °C) is close to water temperature at ca. 300 m deep, suggesting 415 a principal contribution of planktonic bacteria to the brGDGT pool in the Mariana Trench sediments. 416
3) BrGDGTs in sediments from the Mariana Trench and several continental margins were 417 found to comprise higher fractional abundance of hexamethylated 6-methyl brGDGTs with 418 intensified marine influence. The slope of fractional abundance of brGDGT-IIIa' and the in suspended matter and sediments from the Yenisei River and Kara Sea (Siberia): Implications for the distribution of tetraether membrane lipids in soils: Implications for the use of the TEX86 proxy and the 650 BIT index. Org. Geochem. 37, 1680 -1693 , http://dx.doi.org/10.1016 /j.orggeochem.2006 .
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